Abstract. Chemical and organoleptic analyses were carried out on ten important locally grown apple varieties. Most of the varieties were characterized by high titratable acidity and fairly low total sugar concentration. Consequently the sugar-to-acid ratio (a suggested indicator of the eating quality of apples) remained low. However, some of the varieties with high acidity (Red Atlas, Raike) were scored high in the preference test, confirming that other factors in addition to the sugar-to-acid ratio have an influence on the palatability of apple juices. Generally it seems that juice from most of the studied varieties should be mixed with low acid, high sugar juices to be suitable for commerical juice production.
Winter variety juice production. The first five varieties in the list were evaluated chemically in greater detail than the others. Similar local studies have been made on a few other varieties (Kuusi and Pajunen 1971) .
Materials and methods
Harvest dates and growing locations of the apple varieties studied in this investigation are given in Table 1 .
The influence of increased storage time on the following chemical factors was determined:
pH (Official methods of analysis of AOAC 1970) sugars (Schoorl and Regenbogen 1935) The samples for chemical analyses were taken immediately after the apples were received from the orchards, and later at intervals of 2-3 weeks from 2 to 4 times depending on the variety. The apples were washed and rinsed in distilled water, and the endocarps and stalks were removed. For one sample 20 apples were divided into sectors, part of which (300 g) were deep frozen in polyethylene bags until analyzed. For the determination of sugars and phenolic constituents 200 g of apple slices were homogenized and extracted with 80 % ethanol (Salminen et ai. 1969) . Soluble solids, titratable total acids, and pH were determined from the juice pressed in connection with the organoleptic analyses.
The sugar-to-acid ratio of the apples was computed as the ratio of soluble solids and total acids as malic acid.
Juice for the organoleptic analysis was pressed with a Bucher-Guyer juice press. Samples (three parallels) were taken at intervals of 1 to 3 weeks depending on the variety. The size of the samples was 6 8 kg. The apples were rinsed with cold water before crushing. The juice samples were deep frozen in one liter plastic bottles until analyzed.
The organoleptic quality of the apple juices was analyzed by a trained panel of 10 members. In the evaluation of juice quality three methods were used (Amerine and Pangborn 1965):
1. The storage time after which the taste of juice differs from that of nonstored apple juice was estimated by the triangle test. 2. The optimum storage time of each variety to develop the best apple flavor and the highest preference was tested with the ranking method.
3. The best juices of the varieties (according to the ranking test) were scored for their sourness, sweetness and preference using the scoring test (hedonic scale).
All tests were repeated.
Results
The gross chemical compositions of the ten apple varieties after different storage periods are given in Table 2 . The varieties Melba, Charlottenthal, Raike, Antonovka, and Red Atlas were subjected to a more detailed chemical evaluation. These results are given in Table 3 . It is seen that the values of total acids and starch decrease, while pH and the sugar-to-acid ratio increase with the increasing storage time. With sugars the changes are less pronounced, and all other values seem to remain more or less constant.
Juice recovery from the different apple varieties is given in Table 4 . The recovery was at its maximum at the time of harvesting and decreased rapidly in the early varieties (Snygg, Charlottenthal, Melba) and more slowly in the late varieties (Äkerö, Antonovka.) The results of the triangle test are summarized in Table 5 . It is seen that the taste of juice from the early varieties changed significantly from the standard (O-storage juice) in 2 3 weeks, while that of the late varieties changed more slowly. With the ranking test it was found that the apple aroma in the varieties Lobo and Äkerö was significantly weaker at the time of harvesting than in the stored apples. No other significant differences in aroma were found. The preference did not change significantly with an increasing time of storage of the varieties Melba and Erstaa. In the other varieties significant differences were found in preference, and the results are summarized in Table 6 . According to the results the optimum storage period for winter varieties was about three weeks, with the exception of Antonovka for which it was 9 weeks. For early varieties the storage period should be no longer than 2 weeks. Juice pressed with a Braun juice centrifuge The different varieties were also scored with each other. A commercial product was used as standard. The scores were brought on the same scale by equalizing the scores of the standard. The stronger the quality tested the higher the score (maximum score for sourness was 4, for sweetness and preference 5). The results (Table 7) show that apples of low sourness and high sweetness are considered best (Raike, Äkerö, Lobo, Kaneli) . The commercial products were not liked. This may be due to the changes in apple aroma caused by sterilization.
Discussion
The best chemical estimates for the quality of taste are the total sugar content and the sugar-to-acid ratio (Daepp 1970) . The titratable acid contents of the studied varieties are high compared to some reported values (e.g. Vestrheim 1971). As a consequence the sugar-to-acid ratios remain fairly low The correlations between the organoleptic and some chemical characteristics are given in Table 8 . It shows that there is a high correlation between sugarto-acid ratio and preference, while soluble solids (a measure of sugar content) and preference show no correlation. On the other hand, total acids and preference show a fairly high negative correlation. There were exceptions from the general line in the case of Raike and Red Atlas. Juice from these apples was scored high in the preference test even though the acidity was high (Raike 0.88 % and Red Atlas 1.07 %) and the sugar-to-acid ratio low (Raike 13.0 and Red Atlas 11.4). The juice from these varieties has a strong, pleasant apple aroma, which may well account for their preference. This shows that the sugar-to-acid ratio alone is not a reliable measure of the organoleptic quality.
The processing qualities and the juice yield of Antonovka in particular, but also of Äkerö and Red Atlas, are suitable for industrial juice production.
However, these varieties show a fairly high acidity (Antonovka also feeble aroma qualities), and alone they will not yield palatable juices. Of the studied varieties only Lobo has, in addition to reasonable processing qualities, a high enough sugar content and a low enough acidity to be suitable for mixing as a taste softener with high acidity juices.
